Advances in Validation of Computational Mechanics Models
We are embedded in a technical world that is progressing at a high pace as witnessed by the ever more powerful electronics devices in the palm of our hands. Advancements in civil, mechanical or aerospace engineering seem less dramatic because of the lack of aggressive marketing. However, they are highly impressive as well; just think of the rise of additive manufacturing. The increasing pace of innovation with ever shorter development times is paralleled by the increasing demand of the society from engineers to design reliable, cost-effective and environmentally sustainable products. In view of the costly and time consuming laboratory or in-service testing of their prototype designs, engineers tend to replace real by virtual testing, using appropriate computational models developed for this purpose.
A mechanical engineer involved in computational modelling might tend to focus on technological advances in his field. In doing so, he or she might, however, miss out important conceptual advances in the field of validation of computational mechanics models. This special issue is meant to raise awareness of such conceptual developments and to provide insights into novel approaches to validation of computational mechanics models. To represent the conceptual aspects of the current development not only papers reporting on innovations of a specific technological nature are included in this special issue, but also papers of a more philosophical nature.
(i) From a strain analyst's perspective, a major advancement of the last years has been the incorporation of measurement results from full-field, imagebased strain analysis systems into the validation process with a view to quantify the degree of correspondence of measured and simulated results, that is to introduce a general validation metric.
The generic concept and a protocol of applying image decomposition methods to simulated and measured data fields in the validation process has been tested recently in an Interlaboratory Study (ILS). The paper by Hack et al. 1 describes the outcome of this ILS and its incorporation into a CEN Workshop Agreement 2 , which constitutes an important step towards standardization.
An example for the use of decomposition methods as an essential part of full-field validation process is described by engineers of the aerospace field. 3 They conclude that the decomposition methods successfully quantify margin and uncertainty in their approach to validation metrics.
While validation of a single set of model data to a single test result is conceptually simple, the situation is more involved when families of models need to be assessed against experimental data. Researchers, again from the innovative aerospace field, present a holistic approach to evaluate such a family of models resulting from stochastic simulations. 4 Stochastic simulations may be seen as a step in the process of model tuning or model updating with a view of increasing the matching quality of the model and the experiment. The implicit question of whether a model tuning by adapting free parameter values to get a better fit with the experimental data is a recommendable procedure is tackled in a paper by Charlotte Werndl, 5 a researcher with a background in philosophy. Furthermore she elaborates on the ''dual use'' of data, i.e. how reasonable it is to validate a model against a data set used to tune it beforehand.
(ii) From a product developer's perspective, a major trend of the last years has been to view the entire chain of product development as a single process, incorporating the design phase, prototyping, manufacturing and in-service testing. This trend is exemplified by two papers: The first one by Mark Price discusses the relationship between simulation, validation, design and the final product. 6 It identifies key checkpoints in the design process and how these should be used to update the CAD parameters of a specific design, such that the value of the validation with respect to the end-product is not limited unduly.
The second paper 7 highlights calibrated instruments to be the prerequisite for the collection of experimental data to be used in validation, again with a view on camera-based measurement systems. A unified calibration protocol for static and dynamic measurements of deformation and strain fields has been exposed to an Interlaboratory Study, the outcome of which has found its way into a CEN Workshop Agreement. 2 (iii) A last issue of increasing importance is the validation of hierarchical or multi-scale models. This topic seems still far from a standardized validation approach. The paper by Eleni Chatzi 8 presents a computationally efficient approach to validation of multi-scale models in the context of structural reliability.
We are convinced that this Special Issue makes a stimulating read for the engineering community. After all, validation of computational mechanics modelling is of crucial importance for gaining confidence in its results; while the way of achieving this is highly challenging at the high level required when simulation models are used by decision makers.
